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Abstract—In group decision making problems, given the im-
portance of obtaining an accepted solution by the whole group,
the consensus has attained a great attention and it is virtually
a major goal of these problems. Consensus, as traditionally
meant to be a full and unanimous agreement, is often not
reachable in practice. A more realistic approach is to use softer
consensus measures, which assess the consensus degree in a
more flexible way, and therefore reflect the large spectrum of
possible partial agreements, guiding the consensus process until
widespread agreement is achieved among experts. In particular,
the interpretation of the consensus based on the concept of fuzzy
majority has been used in the most of the consensus models
proposed in the literature, as it is more human-consistent and
suitable for reflecting human perceptions of the meaning of
consensus. However, there are still some open questions to be
addressed. In this paper, we are going to highlight some issues in
order to focus researcher’s attention on new problems that arise
when using consensus models based on soft consensus measures
in real-world applications.
I. INTRODUCTION
A group decision making (GDM) problem concerns a
situation in which there is a group of individuals (experts)
who present their testimonies which basically concern their
opinions on some alternatives, topics, courses of action, etc.,
in question [1], [2]. In this situation, we can find collabora-
tion, competitiveness, compatible approaches or incompatible
proposals involving many different environments (companies,
politics, teaching, etc.). The aim is to reconcile differences of
opinions expressed by individual experts to find a solution,
which is best acceptable by the group of experts as a whole.
As consensus decisions are indeed better valued by the people,
it is preferable that the group of experts achieves a great
agreement among their opinions before obtaining a solution.
Due to this fact, consensus has become a major area of
research in GDM.
Consensus has been a much talked about word for centuries,
maybe millennia since people have always been aware of its
importance for arriving at proper decisions which have had a
long lasting impact on life of groups of people, countries or
even civilizations. Needles to say that the growing complexity
of the present world has made the word to be used so
frequently nowadays [3].
A crucial point here is the very meaning of consensus.
Consensus can be meant in various ways and in various
contexts in GDM. First, it refers to the state of agreement
in a group in the sense that the individuals exhibit a state
of common feeling as to the values in question. Strictly
speaking, consensus has been meant from this perspective as
a full and unanimous agreement [4], [5], though it has been
deemed questionable if such a state is possible in virtually
all real world situations [6]. The second sense of this word,
which is related to the first sense given above, is meant
as a way to reach consensus. This involves an evolution of
the testimonies of the group towards consensus with respect
to their testimonies; this evolution can be free or facilitated
(moderated) by a special individual [1], [7]. It is easy to see
that the second sense of consensus does involve the first sense
because the process of reaching an agreement must be related
to some assessment of what, and to which extent the current
agreement within the group exists.
As we have already mentioned, consensus has been tra-
ditionally meant as a full and unanimous agreement. For
example, several authors have introduced consensus measures
assuming values in-between 0 (no consensus or partial con-
sensus) and 1 (full consensus) [4], [5]. However, the human
perception of consensus is typically “softer”, and people are
generally willing to accept that consensus has been reached
when most actors agree on the preferences associated to the
most relevant alternatives. A milestone was here a special issue
of the influential Synthese journal (cf. Loewer [8]). Among
many papers therein, the most relevant for our purpose is that
by Loewer and Laddaga [9], who have clearly made the case
for a soft concept of consensus saying that:
. . . It can correctly be said that there is a consensus
among biologists that Darwinian natural selection
is an important cause of evolution though there
is currently no consensus concerning Gould’s hy-
pothesis of speciation. This means that there is a
widespread agreement among biologists concerning
the first matter but disagreement concerning the
second . . .
A crisp majority as, e.g., more than 75% would not evi-
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dently reflect the very essence of the above given quotation.
This statement suggests that a fuzzy majority is appropriate,
and that it makes sense to speak about a degree of consensus,
or a distance from (ideal) consensus.
According to Loewer and Laddaga, Kacprzyk and Fedrizzi
introduced the concept of a fuzzy majority using Zadeh’s fuzzy
linguistic quantifier to compute soft consensus measures in [6],
[10], [11].
Then, the classical operational definition of consensus is
expressed by a linguistically quantified proposition as:
“Most (Q1) of the important (B) individuals agree
as to almost all (Q2) relevant (I) alternatives” (1)
where: Q1 and Q2 are fuzzy linguistic quantifiers [12], e.g.,
“most” and “almost all”, and B and I stand for fuzzy sets
denoting the importance/relevance of the individuals and al-
ternatives. Therefore, the notion of soft consensus introduced
by Kacprzyk and Fedrizzi is based on fuzzy sets theory [13].
These Kacprzyk and Fedrizzi’s works constitute the basis of
many soft consensus models proposed later, which assess the
consensus degree in a more flexible way and, therefore, reflect
the large spectrum of possible partial agreements and guide
the consensus process until widespread agreement (not always
full) is achieved among experts. However, despite the great
efforts done to develop new soft consensus models in GDM
problems, there still exist some prospects and open questions
which have to be faced.
The aim of this paper is to analyze new problems that arise
when using soft consensus models in real-world applications
in order to focus the researcher’s attention on them.
The rest of the paper is structured as follows. In Section
II, we make a brief review of different basic concepts related
to soft consensus models. Section III analyzes the challenges
an open questions that should be faced in order to improve
the results of the soft consensus models in GDM problems.
Finally, in Section IV, we draw some conclusions.
II. PRELIMINARIES
In this section, we describe both the classical GDM prob-
lems and the usual consensus process.
A. GDM Problem
A classical GDM problem may be defined as a decision
situation where [14], [15]:
• There exist a group of two or more experts, E =
{e1, e2, . . . , em} (m   2), characterized by their own
ideas, attitudes, motivations and knowledge.
• There is a problem to solve in which a solution must
be chosen among a set of possible alternatives, X =
{x1, x2, . . . , xn} (n   2).
• The experts try to achieve a common solution.
In a fuzzy context, the objective is to classify the alternatives
from best to worst, associating with them some degrees of
preference expressed in the [0, 1] interval.
The solution for a GDM problem is derived either from
the individual preferences provided by the experts, without
constructing a social opinion, or by computing first a social
opinion and then using it to find a solution [16]. These two ap-
proaches are respectively called direct and indirect approaches,
and within both approaches, the process for reaching a solution
of the GDM problem is composed by two steps [15], [17]:
1) Aggregation phase. In this phase, all preferences given
by the experts must be aggregated into only one prefer-
ence structure. This aggregation is carried out by means
of particular aggregation operators that are usually de-
fined for this purpose.
2) Exploitation phase. This phase uses the information pro-
duced in the aggregation phase to identify the solution
set of alternatives for the problem.
The above selection process does not necessarily check
any agreement among the experts before obtaining the so-
lution for the GDM problem. Therefore, this process can
lead sometimes solutions that are not well accepted by some
experts in the group [1], [2], because they could consider that
their preferences have not been taken into account properly
to obtain the solution, and hence, they might reject it. To
avoid this situation, it is advisable that experts carry out a
consensus process, where the experts discuss and modify their
preferences gradually to achieve a sufficient agreement before
applying the selection process. For this reason, GDM problems
are usually faced by applying a consensus process and a
selection process before a final solution can be given [18],
[19].
In the following subsection, we will review the structure of
a typical consensus process and analyze their phases.
B. Consensus Process
There are two approaches in the formulation of consensus
process. The first, traditional, is the one started by French,
Harary, etc., [20], [21], [22] in which the process is modeled
by using matrix calculus or Markov chains to model the
time evolution of changes of opinions toward consensus. The
second, more promising in practice, is the one in which there
is a moderator. In the following, we describe the second one
as it is the most used in the literature.
A consensus process is defined as a dynamic and iterative
group discussion process, coordinated by a moderator helping
experts bring their opinions closer. At the beginning of every
GDM problem, the set of experts has diverging opinions, then
the consensus process is applied and, in each step, the degree
of existing consensus among experts’ opinions is measured. If
the consensus degree is lower than a specified threshold, the
moderator would urge experts to discuss their opinions further
in an effort to bring them closer. Otherwise, the moderator
would apply the selection process in order to obtain the
final consensus solution to the GDM problem. The moderator
knows the agreement in each moment of the consensus process
by means of the computation of some consensus measures.
The consensus process can be divided in several steps which
are graphically depicted in Fig. 1:























Fig. 1. Consensus Process Scheme
experts, along with the different alternatives among they
have to choose the best one.
2) Then, experts can discuss and share their knowledge
about the problem and alternatives in order to facilitate
the process of latterly expressing their opinions.
3) Experts provide their preferences about the alternatives
in a particular preference representation format.
4) The moderator receives all the experts’ preferences and
computes some consensus measures that will allow him
to identify if an enough consensus state has been reached
or not.
5) If an enough consensus state has been reached, the
consensus process stops and the selection process be-
gins. Otherwise, we can apply an advice generation step
where the moderator, with all the information that he/she
has (all preferences expressed by experts, consensus
measures and so on) can prepare some guidance and
advice for experts to more easily reach consensus. Note
that this step is optional and is not present in every
consensus model.
6) Finally, the advice is given to the experts and the first
round of consensus is finished. Again, experts must dis-
cuss their opinions and preferences in order to approach
their points of view (Step 2).
Once we have described the typical consensus process, we
are ready to point out the challenges that must be faced to
improve the performance of the consensus process within
GDM problems.
III. PROSPECTS AND OPEN QUESTIONS
In this section, some issues will be highlighted in order to
focus researcher’s attention on new problems that arise when
using consensus models based on soft consensus measures in
real-world applications. There are still some challenges and
open questions to be addressed.
A. Advice Generation
Some consensus models incorporate a feedback mechanism
substituting the moderator’s actions, avoiding the possible
subjectivity that he/she can introduce, and giving advice to
the experts to find out the changes they need to make in their
opinions to obtain a solution with certain consensus degree
[23], [24]. Most of these automatic consensus models existing
in the literature present the same behavior in all discussion
rounds of the consensus reaching process. However, when the
level of agreement between the experts is “high”, a few number
of changes of opinions from some of the experts might lead to
consensus in a few discussion rounds. On the contrary, when
the level of agreement among the experts is “low”, a high
number of changes of opinions and many group discussion
rounds might be necessary for consensus to be achieved. In
other words, the number of changes in different stages of
a consensus process is clearly related to the actual level of
agreement. Following this idea, an adaptive consensus model
has been proposed by Mata et al. in [25]. It is based on a
refinement process of the consensus process that allows to
increase the agreement and reduce the number of experts’
preferences that should be changed after each consensus round,
adapting the search for the furthest experts’ preferences to
the existent agreement in each round of consensus. To do
so, three levels of agreement are distinguished: very low, low
and medium consensus. Each level of consensus involves to
carry out the search for the furthest preferences in a different
way: when the consensus degree is very low, it will search for
the furthest preferences on all experts, while if the consensus
degree is medium, the search will be limited to the furthest
experts. This adaptive model increases the convergence toward
the consensus and reduces the number of rounds to reach it.
However, there are still some open questions about adaptive
consensus models: (i) it would be desirable to extend adaptive
consensus models to decision making contexts managing dif-
ferent formats of preference representation, and (ii) to study
a mechanism to guarantee the convergence of the adaptive
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consensus models is still a challenge.
B. Trust Based Consensus Models
Situations in which the group of experts vary over time are
quite common in real decision processes: a new expert could
incorporate to the process, some experts could leave it or a
large group of experts could be simplified in order to minimize
communications and ease the computation of solutions. We
can think of a large group of people that share a common
interest and that form an on-line community about their topic
of interest. In those situations, to carry out a proper consensus
process is a difficult task. For example, not every member of
the community is willing to participate and contribute to solve
the problem. Usual approaches involve using opinion polls and
forums, but those methods do not offer methods to control the
consensus of the process and the discussions (which tends
to be very disperse due to the large number of speakers).
To address these situations, a new consensus model has been
proposed in [26]. This approach follows an scheme based on
the one presented in Section II-B, but it incorporates several
important differences in order to deal with a large number of
experts. The most important difference is the inclusion of a
previous step, prior to the consensus phase, in which the large
group of experts is simplified into a “selected experts group”
or spokespersons by using a clustering algorithm, trying to
maintain the diversity on the opinions of the whole group.
Once this simplification is made, the experts that have not
been selected will provide information about the trust that
the selected experts inspire to them, thus creating a trust
network [27]. After this initial step the consensus process
begins, but only the selected experts that are allowed to take
part in the process. Thus it is possible to carry out a proper
consensus process, with discussion among the smaller group
of spokespersons. At each consensus round the non-selected
experts will be able to change their trust evaluations if their
opinions about the selected experts have changed. Once a
proper level of consensus is reached, the selection process
begins, the opinions of the selected experts are aggregated,
and the final solution is obtained.
The use of trust degrees in consensus processes is still in
an early stage of development and several future challenges
have still to be solved: (i) development of automatic process to
compute the trust degrees in decision making, (ii) to introduce
in the consensus models advanced trust management models
that have been used satisfactorily in other frameworks, as
recommender systems [28], and (iii) using the trust criteria
as other possibility to guide the consensus process.
C. Visualization and Verbalization
The application of the latest technologies has extended the
opportunities in decision making and has allowed to carry
out consensus processes in situations that we cannot correctly
address previously. For example, nowadays, it possible to carry
out consensus processes among several experts that are located
in different countries around the world using mobile or web
technologies. However, it is important to remark that even with
the adoption of new communication technologies, there is still
an important need of new collaboration and information tools
for the experts being able to solve decision making problems
where they cannot meet together with the other experts [29].
A particular problem that arises in many consensus processes
for GDM when experts do not have the possibility of gathering
together is that experts may not have a clear idea about
the current consensus status among all the experts involved
in the decision process. In usual decision making models,
where experts gather together to discuss their opinions about
the different alternatives, it is relatively easy to determine
which experts have similar opinions just by attending to the
discussions among experts, and thus, experts may join or form
different groups to better discuss and reason out about the pros
and cons of every alternative. Additionally, when experts are
able to determine the consensus state of the decision making
process it is more easy for them to influence the other experts
and to detect if some experts are trying to bias the consensus
process. However, in the cases where direct communication
is not possible, experts will probably need some assistance to
establish connections among them and to obtain a clear view
of the consensus process progress.
To solve these problems, both (i) visualization and (ii)
verbalization can be used. One the one hand, new techniques
and tools to automatically generate high level information
and simple consensus diagrams about the consensus state
in the decision problem need to be developed. As visual
elements do have a great potential to influence experts in
decision processes, these consensus diagrams, when presented
to the experts, will allow them to have a more profound and
clear view about the current consensus process and about
which experts have similar or different opinions about the
alternatives. Additionally, the use of these diagrams can help
the experts to detect if other experts are trying to bias the
consensus process. On the other hand, though visualization is
a powerful means of communication in virtually all human
centric systems, other means of communications may be
employed, notably verbalization that can take full advantage
of the use of natural language which is anyway extensively
used in the area and it is well documented [30].
D. Experts’ Importance
In GDM, there are situations where the information handled
by the experts is not equally important [31], [32]. For example,
when a group of medical experts expresses its opinions on
the possible illness that a patient presents, its diagnostics
must not be considered with equal relevance, given that, there
will be medical experts with more experience or with more
study years than others, and, therefore, all the opinions shall
not be equally reliable. But, a final and global diagnostic
must be made using the initial and individual diagnostics.
To model such situations, the most usual approach in the
literature consists in the assignation of weight values to the
experts, which reflect the relevance of the expert in the group.
Consensus models have taking into account the heterogeneity
of the experts when aggregating the experts’ opinions to obtain
947
the collective preference [33], [34], [35], but not when advising
to the experts how to change their preferences to increase the
consensus level. Then, we think that it is important to develop
consensus models taking into account the experts’ importance
weights not only to aggregate the experts’ preferences but
also when advising experts to change their preferences. Thus,
new feedback mechanisms that adjust the amount of advice
required by each expert depending on his/her own knowledge
level about the problem should be developed. It seems reason-
able that experts with lower importance or knowledge level
will need more advice than those experts that previously have
at their disposal a large amount of information to make good
decisions. Therefore, the consensus model should generate the
recommendations in a different way depending on the expert’s
knowledge level in order to increase the agreement in the next
consensus round.
E. Dynamic Decision Contexts
Because good decisions depend on the conditions of the
future, and because conditions vary over time, to make a good
decision requires judgments of what is more likely or more
preferred over different time periods. According to Saaty [36],
there are at least three ways to deal with dynamic decisions.
One is to include in the structure itself different factors that
indicate change in time such as scenarios and different time
periods and then carry out paired comparisons with respect
to the time periods. The second is to do paired comparisons
as rates of relative change with respect to time. This is done
at different points of time as representatives of intervals to
which they belong. These intervals can have different lengths.
For each representative point one needs to provide a pairwise
judgment about the relative rate of change of one alternative
over another and derive mathematical functions for that matrix
of comparisons for one of the time periods. The third is to use
functions for the paired comparisons and derive functions from
them.
Time dependent decision-making is a subject that we need
today. At a minimum they are needed in technical design prob-
lems in which the influences of several tangible design factors
change over time and tradeoffs must be made among them
to enable the system to respond differently and continuously
over the time of its operation. In such a way, new consensus
models in time-dependent GDM should be developed.
F. Persuasion
Once of the moderator’s task in the consensus process is
to produce some advice for those experts that should change
their opinions in order to increase the level of consensus.
However, when experts’ opinions are different among them,
it necessary that some of the experts change their mind in
order to achieve the consensus, and the moderator is who has
to persuade them to do it. However, persuading people is a
difficult task. According to professor Cialdini [37], although
there are thousands of different tactics that people employ to
influence others, the majority fall within six basic categories:
1) Social proof. People will do thing that they see other
people are doing.
2) Authority. People will tend to obey authority figures,
even if they are asked to perform objectionable acts.
3) Linking. People are easily persuaded by other people
that they like.
4) Scarcity. Infrequent items or resources will generate
demand.
5) Consistency. If people commit, verbally or in writing,
to and idea or goal, they are more likely to honor that
commitment.
6) Reciprocation. People tend to return a favor.
Each of these categories is governed by a fundamental
psychological principle that directs human behavior and gives
the tactics power of persuasion [37]. These principles of per-
suasion or weapons of influence can be used as a support for
the consensus process as they address the use communication
in order to change attitudes, beliefs or the behavior of others
in a voluntary manner avoiding the use of coercion. Thus,
we propose the introduction of some psychology concepts (or
principles or persuasion) in the consensus process.
IV. CONCLUSION
The application of consensus models based on soft con-
sensus measures in GDM problems has received great atten-
tion from the research community for the last years. Since
Kacprzyk proposed the concept of soft consensus measures,
many papers about this research topic have been published.
However, there still exist some prospects and open questions
which have to be faced when dealing with GDM problems.
In this paper, we have highlighted some issues and challenges
which have to be addressed by the researchers in order to
improve the performance of the consensus process within
GDM problems.
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